Study Design: Retrospective analysis of prospectively collected data. Objective: Anterior cervical discectomy and fusion (ACDF) is one of the most commonly performed spinal procedures. Considering the high success and low complications rate of ACDF and high prevalence of age-related degeneration of the cervical spine, the rates of ACDF are expected to continually rise. The objective is to identify the association between patient age and 30-day postoperative outcomes following elective ACDF.
Introduction
Approximately 5 million adults in the United States are disabled to some degree from spine related disorders. 1 The elderly population, a growing demographic in the United States and much of the Western world, is commonly affected by spinal conditions. [1] [2] [3] [4] [5] Advances in surgery and anesthesia have reduced the physiologic impact of surgery, thus making the option of surgery available to older patients who may have a significant comorbidity burden. 2 With these population and medical factors in mind, it is no surprise the annual number of discharges for spinal fusion procedures, which increased by 137% between 1998 and 2008, is expected to continue to grow. 6 Anterior cervical discectomy and fusion (ACDF) is one of the most commonly performed spinal procedures for patients who present with cervical spondylosis and is also indicated for cervical realignment, trauma, and neoplasm. [7] [8] [9] Patients who require ACDF generally enjoy significant improvement in clinical symptoms, quick recovery times, and minimal surgical risk. 7, 8, [10] [11] [12] Considering the high success and low complications rate of ACDF, [7] [8] [9] the aging population in the United States 2 and high prevalence of age-related degeneration of the cervical spine, [1] [2] [3] [4] 7 the rates of ACDF are expected to continually rise. 1, 4, 8 Postoperative complications following elective ACDF, while rare, can have significant impact on a patient's quality of life and can also place a significant burden on the health care system. The present study utilizes the American College of Surgeons' National Surgical Quality Improvement Program (ACS-NSQIP) database to analyze the effect of patient age on 30-day complications following elective ACDF. The authors hope that identifying which acute postoperative complications elderly patients are at risk for may improve appropriate patient selection for surgery and direct postoperative management efforts in order to avoid common complications in the elderly populations.
Materials and Methods

Data Source
This was a retrospective study of prospectively collected data in the 2010-2014 ACS-NSQIP database. ACS-NSQIP is a large national database with risk adjusted 30-day postoperative morbidity and mortality outcomes. More than 500 hospitals that vary in size, socioeconomic location and academic affiliation contributed data to the 2010-2014 ACS-NSQIP database. 13 ACS-NSQIP data are collected prospectively by dedicated clinical abstractors at each institution on more than 150 demographic, preoperative, intraoperative and 30-day postoperative variables. 14 The success of quality improvement initiatives based on ACS-NSQIP data has been validated in the Veterans Administration and private sector. 15, 16 
Inclusion and Exclusion Criteria
The ACS-NSQIP database from 2010 to 2014 was used in this study. Adult patients (!18 years) undergoing ACDF ( 3 levels fused) were identified based on Current Procedural Terminology (CPT) codes 22551 or 22554. Cases with missing preoperative data, emergency cases, patients with a wound class of 2, 3, or 4 , an open wound on their body, current sepsis, current pneumonia, prior surgeries within 30 days, cases requiring cardiopulmonary resuscitation (CPR) prior to surgery, any patients undergoing a nonelective procedure or cases with diagnoses of cervical spine, trauma or injury to spine, or neoplasm of spine were excluded in order to reduce the risk of confounding variables.
Variable Definition
Patient demographic variables included sex and race (white, black, Hispanic, and other). Other race included American Indian, Alaska Native, Asian, Native Hawaiian, Pacific Islander or unknown/not reported. Preoperative variables included obesity (!30 kg/m 2 ), diabetes (non-insulin-dependent diabetes mellitus or insulin-dependent diabetes mellitus), current smoking (within 1 year of surgery), dyspnea ( 30 days prior to surgery), functional status prior to surgery (independent or partially/totally dependent 30 days prior to surgery), pulmonary comorbidity (ventilator dependent 48 hours prior to surgery or history of chronic obstructive pulmonary disease 30 days prior to surgery), cardiac comorbidity (use of hypertensive medication or history of chronic heart failure 30 days prior to surgery), renal comorbidity (acute renal failure 24 hours prior to surgery or dialysis treatment 2 weeks prior to surgery), steroid use for chronic condition ( 30 days prior to surgery), !10% loss of body weight (in the past 6 months), bleeding disorder (chronic, active condition), preoperative transfusion of !1 unit of whole/packed red blood cells (RBCs) ( 72 hours prior to surgery) and American Society of Anesthesiologists (ASA) physical status classification (!3).
Intraoperative variables included operation year (2010-2014), surgery setting (inpatient vs outpatient), operative time (!4 hours) and total relative value units (TRVU). Thirty-day postoperative outcome variables include mortality, length of stay (LOS) !5 days, wound complication (superficial or deep surgical site infection, organ space infection, or wound dehiscence), pulmonary complication (pneumonia, unplanned reintubation, or duration of ventilator-assisted respiration !48 hours), venous thromboembolism (pulmonary embolism or deep vein thrombosis), renal complication (progressive renal insufficiency or acute renal failure), urinary tract infection (UTI), cardiac complication (cardiac arrest requiring CPR or myocardial infarction), intra-/postoperative RBC transfusion, sepsis, reoperation (related to initial procedure) and unplanned readmission (related to initial procedure). ACS-NSQIP provides further information on variable characteristics. 14 The patient population was divided into age quartiles. Quartile 1 included patients 18 to 45 years old. Quartile 2 included patients aged 46 to 52 years. Quartile 3 included patients aged 53-60 years. Quartile 4 included patients !61 years old. Patients were divided into quartiles in order to allow for a more granular analysis of age's effect on postoperative outcomes.
Statistical Analysis
Patients were divided into cohorts based on age. A bivariate analysis was performed on patient demographic, preoperative, intraoperative, and postoperative characteristics using Pearson's chi-square test. Fischer's exact test was used where appropriate. Multivariable logistic regression models were employed, adjusting for patient demographic, preoperative, and intraoperative variables, to identify the influence of patient age on 30-day postoperative outcomes. The c-statistic, which is the area under the receiver operating characteristic (ROC) curve, was also retrieved from the multivariate logistic regression analysis and determined the accuracy of this model. The ROC curve is a graph of the fall out rate (1 À specificity) against the sensitivity (true-positive rate). The area under this curve measures the ability of the model to correctly classify those with the complication and those without. SAS Studio Version 3.4 (SAS Institute Inc, Cary, NC, USA) was used for all statistical analysis.
Results
Study Population
A total of 20 563 patients met the inclusion criteria for the study of which 5198 (25.3%) patients were 45 years, 5049 (24.6%) patients were 46 to 52 years, 5058 (24.6%) patients were 53 to 60 years, and 5258 (25.6%) patients were !61 years. Patient ages ranged from 18 to 90 years, with an interquartile range of 16 years and a mean age of 53.3 + 11.4 years.
On bivariate analysis, statistical differences were found for patient sex, race, diabetes, dyspnea, functional status, pulmonary comorbidity, renal comorbidity, cardiac comorbidity, smoking, steroid use, bleeding disorder, ASA class, operation time !4 hours, operation year, and surgery setting (Table 1) .
Unadjusted Analysis
There were statistically significant differences in 30-day unadjusted morbidity and mortality between the patient cohorts. The proportion of patients who experienced mortality was significantly higher for elderly patients (quartile 1, 0.0%; quartile 2, 0.0%; quartile 3, 0.1%; and quartile 4, 0.3%). A similar trend was seen for age quartiles 1 to 4 for LOS !5 days (2.1%, 2.5%, 3.5%, and 6.5%, respectively), pulmonary complications (0.3%, 0.6%, 0.7%, and 1.7%, respectively), venous thromboembolism (0.1%, 0.3%, 0.2%, and 0.4%, respectively, P ¼ .019), UTI (0.2%, 0.3%, 0.3%, and 0.8%, respectively), cardiac complication (0.0%, 0.1%, 0.1%, and 0.4%, respectively), intra-/postoperative RBC transfusion (0.3%, 0.2%, 0.3%, and 0.7%, respectively), sepsis (0.1%, 0.1%, 0.2%, and 0.7%, respectively), reoperation (0.8%, 1.1%, 1.6%, and 0.5%, respectively), and unplanned readmission (1.7%, 2.1%, 3.1%, and 1.0%, respectively) ( Table 2) . P values are <.001 unless otherwise noted.
Multivariate Analysis
Multivariate logistic regression analysis found increasing age to be significantly associated with several 30-day postoperative outcomes. 
Discussion
Elderly patients are a growing demographic in the United States and most of the Western world [1] [2] [3] [4] and are commonly affected by a larger comorbidity burden, lower physiologic reserve of multiple organ systems and restricted access to personal and social resources. 17 This retrospective analysis of 20 569 patients undergoing elective ACDF in the 2010-2014 ACS-NSQIP database identified several 30-day postoperative complications elderly patients were at increased risk for. On multivariate analysis, elderly patients had a greater odds of LOS !5 days, pulmonary complications, venous thromboembolism, UTI, cardiac complications, sepsis, and unplanned readmission. The analysis was conducted in the ACS-NSQIP database, a well-established database in the surgical literature containing preoperative, intraoperative, and 30-day postoperative patient data from more than 500 medical centers across the US. 13, 14, 16, 18, 19 The success of quality improvement initiatives based on ACS-NSQIP data has been validated by the decreased mortality rates in the Veterans Administration system, as well as decreased surgical site infection rates in the private sector. 15, 16 Patients !61 years of age were twice as likely to experience LOS !5 days. LOS following any surgical procedure is of great importance to a patient's sense of well-being and health care system expenditure. 20, 21 At baseline, it costs approximately US$1000 to keep a patient in the hospital per day. [20] [21] [22] Carreon et al 5 found in an analysis of elderly patients undergoing lumbar decompression and arthrodesis that patients !75 years of age had a 1.6-day longer LOS compared with patients aged 65 to 69 years (9.3 vs 10.9 days). 5 Additionally, in a retrospective analysis of 6,253 patients undergoing ACDF, Buerba et al 23 identified patients 65 to 74 years old experienced a 1.59 greater odds of LOS !3 days and patients >75 years old experienced a 2.50 greater odds of LOS !3 days. Patients !61 years of age were more than 3 times as likely to experience pulmonary complications. In a prospective analysis of 2806 patients admitted to a single institution, Roche et al 24 found patients 80 to 89 years of age had a 2.1 greater odds of chest infection while patients !90 years of age had a 4.0 greater odds of infection following treatment for hip fracture. Their analysis also identified previous respiratory disease, male sex, enteral steroids, and older age to be significant risk factors for developing chest infections, similar to our analysis. 24 In a large retrospective analysis of patients undergoing a variety of surgical procedures in the Veterans Administration health system, Hamel et al 25 found that patients !80 years of age had a greater risk of respiratory complications (pneumonia, >48 hours on a ventilator, reintubation, and pulmonary embolism). Additionally, on multivariate analysis, Buerba et al 23 found that patients >75 years old had a 6.05 greater odds of respiratory complications following ACDF. Patient age was also significantly associated with increasing odds of venous thromboembolism. The analysis by Hamel et al 25 found that patients !80 years of age had a greater incidence of deep vein thrombosis (0.4% vs 0.6%, P < .001). Buerba et al 23 identified that patients aged 65 to 74 years experienced a 4.14 greater odds of venous thromboembolism following ACDF.
Patients !61 years of age were more than twice as likely to experience UTI. In the analysis conducted by Carreon et al, 5 the most common minor complication identified was UTI, which affected 33 (34%) of patients. The analysis by Hamel et al 25 also found that patients !80 years of age were at greater risk of UTI (2.2% vs 5.6%, P < .001). On multivariate adjustment, Buerba et al 23 found that patients aged 65 to 74 and >75 years had a significantly greater odds of developing a UTI (OR ¼ 2.25 and OR ¼ 3.13, respectively). Patients !61 years of age were six times more likely to experience cardiac complications, making this the largest association in the present analysis. Roche et al 24 found that patients !90 years of age had a 4.1 greater odds of developing cardiac failure before hospital discharge following treatment for hip fracture. Their analysis identified old age, male sex, and a history of cardiovascular disease to be significant factors for developing cardiac failure, similar to our analysis. 24 Moreover, the analysis by Hamel et al 25 identified patients !80 years of age to be at greater risk of cardiac complications (myocardial infarction or cardiac arrest). Patients !61 years were more than 4 times as likely to develop sepsis. Hamel et al 25 also found patients aged !80 years to be at greater risk for sepsis (1.2% vs 1.7%, P < .001). Patients !53 years were more likely to have an unplanned readmission within 30 days of the initial ACDF procedure. Unplanned readmission following a surgical procedure is taxing to a patient's health and well-being and also drives increasing health care costs. Under the Affordable Care Act, any cost associated with patient readmission up to 30 days following discharge become the financial burden of the hospital. Considering the overall frailty of many elderly patients, care should be taken to prevent premature discharge of patients following any hospital stay.
There are many similarities between the present analysis and the analysis conducted by Buerba et al. 23 Both analyses utilize the ACS-NSQIP database to identify the extent of association between patient age and acute postoperative outcomes following ACDF surgery. The present analysis seeks to build on that of Buerba et al 23 through the use of a more recent version of the ACS-NSQIP database and the inclusion of a 3 times larger patient population. While the statistical analyses and variable definitions are reasonably similar, the 2 studies produced differing statistical results. The present analysis found age to be related to LOS !5 days, pulmonary complications, venous thromboembolism, UTI, cardiac complications, sepsis, and unplanned readmission while the analysis by Buerba et al 23 found age to be related to mortality, central nervous system complications, venous thromboembolism, RBC transfusion, reoperation, UTI, LOS !3 days, pulmonary complications, and the occurrence of any postoperative morbidity. The most striking difference between the 2 analyses is that Buerba et al found patients >75 years old had a 8.43 greater odds of mortality while our analysis did not find any association between age and mortality. These divergent results may be due to different methodology used to create the age cohorts. The present analysis categorized patients into quartiles while Buerba et al categorized patients by mean and standard deviation, which creates an inherently wider spread of ages and is more likely to be influenced by outliers. Further studies should be conducted to refine our understanding of the relationship between advanced age and postoperative outcomes following ACDF. There are several limitations for this study. The ACS-NSQIP database classifies cases based on CPT codes. However, differences between procedural techniques cannot be accounted for using this modality. Additionally, differences in institutional protocols, such as anticoagulation and Foley catheter placement, are potentially confounding variables that are not captured by the ACS-NSQIP database. ACS-NSQIP also significantly over represents academic medical centers and therefore may not be fully representative of all US hospitals. Contributing hospital is kept anonymous, limiting the ability to adjust for institution size, patient volume, academic affiliation, and surgeon experience. Additionally, long-term complications are not captured in the ACS-NSQIP database, which only evaluates complications up to 30-days postoperatively, leading to a potential underestimation of risk. Finally, we were unable to identifying patients who received ACDF for myelopathy due to limitations in the ICD-9 (International Classification of Diseases, Ninth Revision) records of the ACS-NSQIP database.
Despite these limitations, this is the first national study to evaluate patient age as a risk factor for several 30-day postoperative outcomes following elective ACDF. Age is a nonmodifiable risk factor and therefore presents a fixed source of postoperative risk following elective ACDF. The authors hope the results of this study be used by health care teams to improve surgical patient selection, risk stratification, and patient safety.
